It was the aim of this study to test the hypothesis that the interaction of antibodies with antigens expressed on the plasma membrane of cells surrounded by a basement membrane or a basement membrane-like structure results in in situ formation of immune deposits. Ovary was chosen for the experiments because we found that a well-characterized protein, angiotensinconverting enzyme (ACE), is expressed in a diffuse pattern on the plasma membrane of mature oocytes.
Introduction
The first evidence that tissue injury may occur as a consequence of in situ formation of antigen-antibody complexes was provided by the study of the Arthus reaction (1) . In recent years, other observations have shown that free circulating antibodies reactive with tissue antigens induce immune complex formation and injury in the thyroid (2, 3) , testis (4) , and in the kidney, affecting tubules (5, 6) or glomeruli (7, 8) . In experimental diseases, such as in thyroiditis induced by passive transfer of anti-thyroglobulin antibodies (2, 3) , in autoimmune orchitis occurring after vasectomy (4) , and in tubulointerstitial nephritis of rabbits receiving multiple renal allografts (5) or immunized with homologous renal tissue (6) , the immune reaction probably involves circulating antibodies reacting with "sequestered" or cytoplasmic antigens leaking out of epithelial cells (6) . However, in other models, for instance in Heymann glomerulonephritis induced in rats (7, 8, 9, 10) or mice (11) by passive transfer of antibodies and in tubulointerstitial nephritis of rats immunized with Tamm-Horsfall protein (12) , circulating antibodies react with antigens expressed on the plasma membrane of glomerular (13) or tubular (14) epithelial cells. The sequence of events in this in situ immune complex formation and aggregation has not been fully elucidated. Relevant in this regard might be a recent observation showing that antibodies reacting in vivo with angiotensinconverting enzyme (ACE),' an antigen expressed on the plasma membrane of endothelial cells, cause antigenic modulation similar to that observed in other systems where plasma membrane receptors interact with soluble ligands. Antibody-cell surface antigen interaction in rabbits injected with anti-ACE antibodies includes a rapid redistribution of ACE, fixation of complement, and in surviving rabbits, disappearance of ACE from lung endothelial cells. It was proposed that this phenomenon might be relevant to the pathogenesis of injury occurring in other organs where divalent antibodies react with antigens expressed on the plasma membrane of cells adjacent to or surrounded by a basement membrane or a basement membrane-like structure (15) . Shedding of immune complexes into a polysaccharide milieu should provide suitable conditions for in situ aggregation of immune complexes (16, 17) .
Our observation that the plasma membrane (oolemma) of the mature oocytes, a cell surrounded by a thick basement membrane-like structure (zona pellucida), contains ACE afforded us the opportunity to examine the reaction of antibodies with this membrane antigen. The results obtained show that the interaction of divalent antibodies with ACE induces a rapid redistribution of ACE on the oolemma and shedding of ACE-antibody complexes into the perivitelline space with local formation of immune deposits. The morphologic and immunocytochemical aspects of in situ immune complex formation in the oocytes and the relevance of these events to the pathogenesis of Heymann glomerulonephritis are discussed.
Methods
Animals. Female New Zealand white rabbits (Beckens Farms, Sanborn, NY), each weighing 2-2.5 kg, were used. They were allowed free (Fig. 4) , ACE (Fig. 5) , and Rb C3 (Fig. 5, inset) at the interface of the oolemma and the zona pellucida after 4 d of intravenous injection of Gt anti-RbACE -y-globulin. The arrows in Fig. 4 indicate access to water and Purina rabbit pellets (Ralston Purina, Inc., St. Louis, MO).
Goat anti-rabbit ACE (Gt anti-RbACE) antibody preparations. Rabbit pulmonary ACE was purified as previously described (18, 19) . radial processes of follicular cells. Note that Rb C3 is distributed throughout the zona pellucida and that ACE is not detectable in the segments of oolemma between the deposits (arrows). 0, oocyte; Z, zona pellucida; F, follicular cells. X 800.
Antibodies to RbACE were raised in goats by immunization with the purified enzyme in Freund's adjuvant (19 6 shows granular deposits of Gt IgG and fusion of microvilli (arrows) at the interface of the oolemma and the perivitel-,y-globulin was achieved by fractionation by DEAE-cellulose chromatography (19) . The preparation of Fab fragments of IgG has been previously described (15, 19 line space (P). Some deposits are present along the processes of follicular cells (arrow heads). Fig. 7 shows segmental, granular deposits of ACE (arrows). ACE is not detectable in the microvilli adjacent to the deposits. 0, oocyte. X 40,000. on day 2, 23 mg; and on day 3, 3 mg/kg body wt. The total daily volume injected was 4 ml. All animals were sacrificed on day 3 and ovaries were obtained for immunopathologic studies.
In the third procedure, after cannulation of the ovarian artery under anesthesia, the right ovary of eight rabbits was perfused in situ for 5 min with 3 ml of Hanks' balanced salt solution (HBSS). This was followed by a perfusion for 15 (Fig. 1) . ACE was most prominent in antral follicles. Immunoelectron microscopy revealed ACE in a linear pattern along the oolemma and the plasma membrane of the radial processes of the follicular cells (Figs. 2 and 3 ).
Ovaries of rabbits injected for I d with Gt anti-RbACE 'yglobulin. In the ovaries of these rabbits no binding of Gt IgG was found. The distribution of ACE was similar to that observed in untreated rabbits. As in untreated rabbits, Rb IgG and C3 were detected diffusely in the zona pellucida. Morphologically, the follicles were unremarkable. Ovaries of rabbits injectedfor 3 or 4 d with Gt anti-RbACE ,y-globulin. Granular deposits containing ACE, Gt IgG, and Rb C3, but not Rb IgG, were found at the base and along the microvilli of the oocytes. The majority of the immune deposits were in contact with the oolemma. Segments of oolemma between the granular deposits were devoid of ACE (Figs. 4-10) . Occasional immune deposits were also seen on the surface of the radial processes of the follicular cells (Fig. 6) . By immunoelectron microscopy, Gt IgG, but not ACE, was also detected in small round profiles present mostly in the inner part of the zona pellucida (Figs. 8 and 9 ).
Whereas in light microscopy no structural abnormalities were seen, in transmission electron microscopy electron dense deposits corresponding to the immune deposits could be identified in most but not in all of the animals. The microvilli of the oocytes sometimes appeared interconnected and fused by these deposits. The round profiles described above were also noted (Figs. 11-14) .
Ovaries of rabbits studied 12 or (Figs. 15-19) . The deposits had grown in size and contained in addition to ACE (Fig. 15) , Gt IgG (Fig. 16) , and Rb C3, also Rb IgG. ACE was expressed once again in a diffuse linear pattern along the plasma membrane pellucida (Z). Diffuse deposits of ACE are also present at the level of the oolemma (arrows). Fig. 16 shows granular deposits of Gt IgG in the external part of the zona pellucida (Z). 0, oocyte. X 800.
of the oocytes and the radial processes of the follicular cells (Figs. 15 and 17) .
In transmission electron microscopy, electron dense deposits corresponded to the immune deposits (Figs. 19 and 20) . Fig. 17 shows that ACE is contained in granular deposits (arrows) on the external cida (Fig. 21) . Occasionally they could be seen attached to the plasma membrane of the microvilli of the oocytes (Fig. 21,  inset) . Furthermore, similar profiles seemed to be present in some of the electron dense deposits (Fig. 20) .
Ovaries of rabbits injected for 3 or 4 d with normal goat y-globulin. The ovaries of rabbits studied up to 24 d after the beginning of normal Gt y-globulin injections did not differ in any respect from those of untreated animals.
Experiments involving Fab fragments of Gt anti-RbACE IgG. Fab fragments of Gt anti-RbACE IgG injected for 3 d bound in a faint diffuse pattern to the oolemma. There was no detectable binding of Rb C3 and the distribution of ACE part of the zona pellucida (Z). ACE is also present in the microvilli of the oolemma and in the processes of the follicular cells (arrow heads). Fig. 18 Fig. 19 , foreign electron dense deposits (arrows) are present in the inner part of the zona pellucida (Z) at day 12. Fig. 20 shows one of these foreign deposits containing compointravenously with Gt anti-RbACE antibodies are schematically illustrated in Fig. 22 .
Discussion
The aim of the present study was to explore the effect of in vivo interaction of antibody with an antigen expressed on the plasma membrane of cells adjacent to or surrounded by a basement membrane or a basement membrane-like structure and to evaluate the role of antigen redistribution in this structural milieu. This study is feasible in the oocyte because ACE is expressed on the oolemma in various stages of oocyte development but, especially, on the oolemma of mature antral follicles.
The interpretation that the interaction of divalent antibodies with ACE expressed on the oolemma induces immune complex formation and aggregation in the perivitelline space through patching and shedding of immune complexes is based on two nents of different electron density. Fig. 21 shows numerous round profiles (arrows) in the perivitelline space (P) at day 24. The inset shows two round profiles (arrows) attached to the plasma membrane of the microvilli. 0, oocytes; m, microvilli of the oolemma. Fig. 19 , X 17,000; Fig. 20, X 35,000; Fig. 21 , X 40,000; inset, X 55,000. lines of evidence: First, in normal rabbits, ACE is distributed in the oolemma in a diffuse pattern. After binding of Gt antiRbACE antibody to the oolemma, a redistribution of ACE occurs resulting in formation of granular aggregates of ACE separated by areas of oolemma devoid of this antigen. Because the granular deposits also contain Gt IgG and Rb C3, they are presumably formed by immune complexes. Second, under the same experimental conditions, the monovalent Fab fragments of Gt anti-RbACE IgG bind to the oolemma in a diffuse pattern without inducing antigen redistribution. These data indicate the ACE molecules, as transmembrane receptors, react with divalent ligands to undergo a structural change. This, in turn, may activate the oocyte's contractile elements resulting in patching and shedding of the immune complexes from the oolemma, as has been shown in the B lymphocyte (28, 29 On day 1, no antibodies reached the oolemma, presumably because most of the injected antibodies bound to ACE on the surface of lung endothelial cells. Thus, the findings on day 1 were similar to those seen in ovaries of untreated rabbits. ACE was present in a diffuse pattern along the oolemma and in the processes of the follicular cells. Gt IgG was not detectable. Small amounts of Rb C3 and Rb IgG were diffusely localized in the zona pellucida. The morphology of the oocyte and of the zona pellucida was normal.
preferentially precipitate within basement membrane-like structures as a consequence of "steric exclusion," which decreases their solubility in a manner directly proportional to the size of the immune complexes and to the concentration and total number of polysaccharides (16, 17) . The absence of dense deposits detectable by transmission electron microscopy in the zona pellucida of some rabbits injected intravenously with Gt anti-RbACE y-globulin, and the much smaller immune deposits seen exclusively by IF microscopy in isolated ovaries perfused with Gt anti-RbACE y-globulin may be explained by lack of sufficient cross-linking in the initial stage of oophoritis (30) , by the brevity of the perfusion experiments, and by the superior sensitivity of IF as compared with transmission electron microscopy (9) .
In the present experiments, the immune complexes are initially formed at the level of the oolemma. By way of
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On day 3 and 4, cross-linkage of ACE molecules by the divalent Gt anti-RbACE antibodies induced formation of granular deposits of ACE, Gt IgG, and Rb C3 at the interface of the oolemma and the zona pellucida. The oolemma between the deposits was devoid of ACE. Small round profiles were seen by electron microscopy in the inner part of the zona pellucida and, by immunoelectron microscopy, they contained Gt IgG. The oocytes appeared normal by light microscopy. However, by electron microscopy, foreign deposits, corresponding to the immune deposits, were observed in some (EM B) but not all (EM A) oocytes.
On day 12 to 24, the immune deposits, which had grown in size, progressively migrated from the oolemma toward the periphery of the zona pellucida. At this time, they also contained Rb IgG, presumably with specificity against Gt IgG. ACE was expressed once again along the oolemma. contrast, the oophoritis induced by circulating immune complexes in rabbits with experimentally-induced chronic serum sickness (31) (32) with oophoritis induced by circulating immune complexes. Thus, they appear to be the consequence of the interaction of antibody with the oolemma. By immu-noelectron microscopy, the round profiles appear to contain mainly Gt IgG. However, the round profiles might also contain components of the oolemma, including ACE covered by antibodies, and these components might contribute to the formation of the immune deposits. If this latter interpretation is confirmed, the appearance of the round profiles and their shedding into the perivitelline space might be the morphologic equivalent of the external stripping of plasma membrane antigens that occurs in vitro when cells are incubated with divalent ligands under capping conditions (28, 29) .
The migration of immune deposits from the oolemma toward the outer part of the zona pellucida indicates that in situ formation of immune complexes is a dynamic process. The centrifugal migration of the immune deposits may be due to a passive transport resulting from the turnover of the zona pellucida. The relative role of the oocyte and granulosa cells in the formation of the zona pellucida has been debated for several decades (for review, see reference 33). However, recent studies by Zamboni and Upadhyay (34) on ectopic germ cells in the Anlage of the adrenal cortex have firmly established that at least some components of the zona pellucida are synthetized by the oocyte. This demonstration supports the hypothesis that immune complexes formed at the level of the oolemma move peripherally because of the turnover of the zona, a turnover that may be accelerated by the inflammatory process (35) .
The discovery that ACE is localized on the oolemma of mature follicles poses a question concerning the role of ACE in this structure. Although ACE's main effect is in regulating blood pressure homeostasis, a regulatory effect on the osmotic pressure of other body fluids is probable (36) . In this regard, it should be noted that during the last stage of maturation, the liquor folliculi is secreted at rapid rate and the intrafollicular pressure increases (37) . ACE, which is found in larger amount in the oolemma of mature follicles, might contribute to the pressure changes (38) required for ovulation.
In situ immune complex formation is an established cause of tissue injury in several organs (39) . In passive Heymann glomerulonephritis, a disease that mimics certain morphological aspects of human membranous glomerulonephritis, the immune deposits seen in the subepithelial part of the glomerular capillary wall are formed by autologous (9, 40) or heterologous (7, 8, 10) antibodies that react with an antigen mainly localized in the plasma membrane and in the coated pits of glomerular visceral epithelial cells (13) . The morphological similarities between Heymann glomerulonephritis and the oophoritis induced by antibodies reactive with the oolemma lend credibility to the hypothesis that patching and shedding of immune complexes may have a role in the pathogenesis of Heymann glomerulonephritis, as well as in the pathogenesis of inflammatory lesions induced by interaction of antibodies with antigens expressed on the plasma membranes of cells adjacent to basement membrane in other organs.
